IT is well known that the changes which occur in fish muscle after death are only moderately retarded by storage at freezing point. They set in before any contamination of the muscle can be demonstrated, an outward manifestation of their occurrence being development of post mortem rigor. In investigations on frog muscle, Smith [1929] has shown that lactic acid does not increase above the initial value when the muscle is kept at 00, but that it does so at -2.50, reaching in 48 hours a concentration of 0-62 %. At temperatures lower than this, production of lactic acid in 48 hours diminishes progressively until at -100 none is formed. The explanation for failure of lactic acid to accumulate at 00 has been found by Smith and Moran [1930] to depend on the fact that the reversible changes which are responsible in living muscle for its disappearance are retained for some time on freezing down to a critical temperature of -1.60. On thawing the muscle after it has been exposed to temperatures between this and 00 these reversible changes therefore cause any lactic acid which has accumulated to disappear. Below -1.60 the mechanism of the reversible change is destroyed, so that the lactic acid remains. It seemed of importance to find out whether similar changes in lactic acid concentration occur in fish muscle and if so to determine the critical temperature.
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As a first step towards the investigation of this problem it was necessary to obtain further information than at present exists concerning the relationship of lactic acid production to the glycogen content of fish muscle. Although it has been known for some time, through the work of Ritchie [1928] , Simpson and Macleod [1927] and Leim, Simpson and Macleod [1927] , that lactic acid accumulates and glycogen disappears, the exact relationship between these two processes remains undetermined. To obtain this information was the primary object of the present investigation in which attention has also been paid to other problems, such as the possible nature of the intermediary substances formed between glycogen and lactic acid, and the changes in reaction which occur in fish muscle post mortem.
METHODS.
Haddock (Gadus aeglefinus) weighing about 2 lbs. each were caught by hook and line and as rapidly as possible transferred to tanks of frequently changing sea-water in which they were left for not less than one week before use. After a day or so the captive fish ate mussels readily and were normal in other respects. These precautions were found to be necessary in order to obtain any reasonable constancy in the glycogen content of the fish immediately after being killed.
When fish were required they were quickly netted, killed by stunning, immediately gutted and filleted. Glycogen was determined by Pfluiger's method.
Lactic acid and free sugar were extracted with 5 % trichloroacetic acid at a temperature of 0°, an aliquot portion of the resulting extract after neutralisation being then precipitated with i its volume of 10 % solution of copper sulphate and I volume of 10 % suspension of calcium hydroxide. After filtering, or centrifuging, a further aliquot of the filtrate was used for determination of lactic acid by the method of Davenport and Cotonio [1927] , and the precipitate was treated by the method recommended by Holmes and Gerard [1929] for determination of free sugar.
In some experiments the free sugar was determined by extracting it repeatedly from the muscle by alcohol-usually 90 %-at 00. After removal of the alcohol in a warm air stream, the residue was taken up in water, the resulting solution treated with " colloidal iron " and sodium sulphate, filtered and the reducing power measured by the Shaffer-Hartmann [1921] where the suspension was allowed to stand overnight. The extract was either filtered and the residue re-extracted or it was centrifuged and an aliquot portion of the supernatant fluid used.
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These results, which are typical, show:
(1) That less reducing substance is extracted as the strength of alcohol increases.
(2) That hydrolysis of the filtrate after precipitation with "colloidal iron" usually causes an increase in reducing power.
(3) That adsorption of the sugar by cupric hydroxide as in Holmes and Gerard's method, gives much lower values than extraction alone.
(4) That the amount of reducing substance directly extracted with trichloroacetic acid is comparable with that obtained when Holmes and Gerard's method is applied to a "colloidal iron" filtrate.
Whether the value of about 0-05 % obtained after treatment with "colloidal iron" or the much lower one of 0 000 010 % which is given by the use of Holmes and Gerard's method is to be accepted as representing free sugar is uncertain. On this account both methods have been used in the present investigation.
RESULTS.
Six haddocks were taken from the tank, killed and immediately gutted. They were then packed in broken ice and taken to the laboratory, where glycogen and lactic acid determinations were at once started. The values obtained at approximately 20 minutes post mortem are given in Table I . Since the average percentage of lactic acid is considerably above that recorded for uninjured frog muscle immediately after death, it was thought possible that some post mortem change might have already occurred, and attempts were made to prevent this by sudden freezing of the fish. This was done by immersing other fish, immediately after killing, in liquid oxygen contained in an Isovac food carrier. Instead of diminishing, this treatment caused a distinct increase in the percentage of lactic acid, as Table II shows. (Table III) in haddocks obtained from the Fish Market. These particular fish had been caught by means of a trawl net which had been dragged along the sea bottom for a period of about 3 hours, at any time during which period the fish might have been actually entrapped. The fish had been stowed in ice after catching and had been about 75 hours out of the sea when they were used for the experiment. Simpson and Macleod [1927] found that the percentage of muscle glycogen in haddocks caught by a trawl line (a line set with about 100 baited hooks and left for between 40 minutes and 1 hour before hauling) was very much less than in those caught meanwhile from the same boat by single line. Often glycogen was absent from the trawl-lined fish, in which also the percentage of lactic acid was much higher than in the hand-lined fish. It was presumed that the struggling of the trawl-lined fish on the hook was responsible for the results then recorded, and it is similarly presumed that the struggling of the fish in bheir endeavour to free themselves from the accumulating pressure of other fish in the purse of the net is responsible for the absence of glycogen in the results now recorded.
Assuming however that the percentage of glycogen in the trawl-netted fish at the moment of entrapping was similar to that in the tank fish immediately post mortem (Table I) , much higher values might be expected for lactic acid. Two possibilities may account for the discrepancy, namely, either all the glycogen which disappeared did not reach the lactic acid degree of breakdown, or some of it after being formed into lactic acid was in some way removed.
In view of these preliminary results it was decided to determine the percentages of glycogen and lactic acid in the muscle of fish kept surrounded by ice after removal from the tank. The observations were made at intervals up to 6 days by which time, as has been shown by Dr M. M. Stewart, there is no bacterial contamination of the muscles.
In the earlier experiments 21 haddocks were used and, at the intervals indicated in Table IV , two were removed for determination of glycogen and lactic acid and a third for PH by the method described by Benson [1928] . The first experiment gave the results shown in Table IV . The results show that the glycogen disappeared in about 50 hours at which time the percentage of lactic acid had reached a maximum, falling at later periods. The hydrogen ion concentration rose during the first 24 hours after which it fell again slightly and then became constant.
A repetition of this experiment on another batch of fish provided general confirmation of these results, the chief difference being that they still seemed to retain a small quantity of glycogen after 50 hours in ice.
Attention was then focused on the reduction in lactic acid which seemed to occur after about 50 hours in these experiments. Since this could not be attributed to bacterial contamination its occurrence would obviously be of biochemical interest and demand further investigation. But it was necessary to make certain that the reduction was a real one and not accidental, due to variability in the different pairs of fish. It was decided therefore to repeat the obserVation by using mixed pieces of muscles from several different fish.
As.in the previous work, haddocks were taken from the tank and killed, immediately gutted and stored in ice. For each determination, 6 haddocks were taken from the ice and quickly filleted by an expert filleter. The 12 fillets were laid out close together on a board and three cuts were made across them with a sharp filleting knife. Two lots of 12 pieces each were used for lactic acid and glycogen determinations respectively, the samples for analysis being removed in a cold room just under 00 at the intervals indicated in Table V.   Table V Although the results for both glycogen and lactic acid do not fall in line at successive time intervals, the following general conclusions may be drawn from them.
1. Glycogen disappears very rapidly during the first three hours, after which the decline is a gradual one, small amounts only being left after about the fiftieth hour. It may here be remarked that we are uncertain whether percentages for glycogen lower than about 0 04 are to be reckoned as such.
2. The accumulation of lactic acid during the first three to five hours pro-ceeds at a rate which is far behind that of the disappearance of glycogen. It then continues more slowly, but fairly steadily (omitting the twenty-seventh hour) until about the forty-eighth hour, after which the evidence suggests a decline. 3. The maximal percentage of lactic acid which appears in the muscle falls far short of the initial percentage of glycogen.
These conclusions confirm those previously drawn by Simpson and Macleod [1927] from observations on mammalian muscle after being frozen in liquid air, pulverised and then allowed to stand for an hour or so at the temperature of melting ice.
The slow rate of accumulation of lactic acid in comparison with the rapid disappearance of glycogen probably indicates the production of some intermediary substance out of which lactic acid is then very gradually derived. This substance may be of the nature of (1) a lower polysaccharide (dextrin), or a trisaccharide such as has been shown by Barbour [1929] to be the sole product of the hydrolysis of glycogen when pure solutions of this are incubated with a glycerol extract of muscle, or (2) a phosphoric acid ester. Were any of these substances formed they would almost certainly be destroyed during heating with conc. KOH in the Pfluiger process for glycogen estimation and it is possible that the production of lactic acid from them is a very slow one. Further work will be necessary to identify the nature of the intermediary substance and in the present investigation we have contented ourselves with ascertaining whether its presence could be revealed by determining the free sugar before and after acid hydrolysis of extracts of the muscle at various periods during the glycogenolysis. As has already been stated (p. 81) the methods available for determination of free sugar in solid tissues do not all yield the same results, which makes their interpretation difficult. In the present case the methods used were either extraction with 40 or 90 % alcohol, followed by treatment with "colloidal iron," or extraction with 5 % trichloroacetic acid. The results given in Table VI were those most recently obtained, using mixed samples of muscle from several haddocks. They show that there is no difference in the amounts of sugar before and after hydrolysis in fresh muscle and in muscle which has stood for 20 to 24 hours surrounded by ice.
The increase in reducing power after acid hydrolysis may depend on the presence of dextrins, trisaccharide or phosphoric acid esters, but in any case it seems clear that none of these.can have accumulated in the muscle as a result of the rapid initial breakdown of glycogen.
CONCLUSIONS.
1. When adequate precautions are taken against struggling of the fish during catching the muscles of the haddock (Gadus aeglefinus) immediately after removal usually contain from 0-4 to 0-6 % glycogen. 2. As estimated by its reducing power, the free sugar averages 0 05 % when extracted by 40-90 % of alcohol but is only about 0.01 % when adsorbed from the aqueous solution of an evaporated alcoholic extract by copper sulphate and lime or extracted by trichloroacetic acid. The reducing power becomes approximately doubled by acid hydrolysis of the alcoholic extracts.
3. The immediate lactic acid averages 0-08 % but individual variations are considerable.
4. When the fish after killing is kept in broken ice the following changes occur.
(a) Glycogen disappears very rapidly during the first 3 hours and then more slowly, attaining a value of less than one-tenth of its original in from 20 to 24 hours.
(b) Lactic acid steadily accumulates, attaining a maximum value of from 0-160 to 0-170 % in 36 to 40 hours, and thereafter remains steady or possibly undergoes slight reduction.
(c) No significant changes occur in the free sugar or that produced by hydrolysis.
(d) The pH gradually changes from approximately 7 to 6-45, which it reaches when the lactic acid is at the maximum. It subsequently rises to about 6-65 and remains steady.
5. Since the glycogen disappears much more rapidly than lactic acid accumulates, and since the concentration of the latter at its maximum does not correspond to more than two-thirds of the glycogen originally present, some intermediary substance must accumulate in the muscle. This does not appear to be of the nature of a dextrin or a trisaccharide since no increase was observed in reducing sugar either before or after hydrolysis of extracts made with various percentages of alcohol.
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